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IMAGE FORMING APPARATUS 

FIELD OF THR Tmnr ^TION AMD RELATED ART 

The present invention relates to an image 
forming apparatus, such as a printer, a copying 
machine, or a facsimile apparatus, for forming an 
image by transferring a toner image formed on an image 
bearing member onto a transfer material. 

As an example of an image forming apparatus 
of the type wherein a toner image is transferred by 
using an intermediary transfer member as an image 
bearing memhdr, there has been known an image forming 
apparatus as shown in Figure 18, 

Referring to Figure 18 the image forming 
apparatus includes a photosensitive drum 1, which is 
rotationally driven in a direction of an arrow. The 
surface of the photosensitive drum is uniformly 
electrically charged by a charge roller 2 and then is 
subjected to irradiation with laser beam corresponding 
to image information by an exposure apparatus 3, 
whereby an electrostatic latent image is formed oh the 
surface of the photosensitive drum. The electrostatic 
latent image is developed (visualized) by 
electrostatically adhering charged toner thereto by 
means of a developing apparatus 4. 

The resultant toner image on the 
photosensitive drum 1 is primary transferred 



electrostatically onto an intermediary transfer belt 5 
at an primary transfer station Tl by a primary 
transfer roller 6, an then is secondary transferred 
electrostatically onto a transfer material P to be 
carried in a direction of an arrow Kl at a 
predetermined timing, at a secondary transfer station 
T2 by a secondary transfer outer roller 14. 

The transfer material P onto which the toner 
image is transferred is conveyed to a fixing apparatus 
9 and is heated and pressed to have a fixed toner 
image on its surface. 

In such n intermediary transfer type image 
forming apparatus, if the transfer material P is 
conveyed in a state that the secondary transfer outer 
roller 14 is contaminated with the toner, there is a 
possibility of backside contamination of the transfer 
material P. In order to obviate such a backside 
contamination of the transfer material P attributable 
to the contamination of the secondary transfer outer 
roller 14 with the toner, several methods have been 
known . 

One of the method prevents the backside 
contamination of the transfer material P by causing a 
cleaning member (not shown) to contact the secondary 
transfer outer roller 14 to wipe the toner 
contaminant. More specifically, a cleaning blade is 
caused to contact the secondary transfer outer roller 
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14, whereby the toner particles transferred onto the 
roller surface is cleaned to obviate the backside 
contamination of thfe transfer material P. 
Alternatively, it is possible to accomplish the 
5 purpose by causing an elect reconduct ive brush to 
contact the secondary transfer outer roller 14 to 
recover electrostatically the toner particles with the 
brush. 

However, such a method using the cleaning 
10 member is liable to complicate a structure of and 
increase in production cost of the image forming 
apparatus • 

Further, in such a method using the cleaning 
member, there is a possibility that the cleaning 

15 member cannot withstand the use for a long period. 

For example, in the case where the cleaning blade is 
caused to contact, the secondary transfer outer roller 
14 is pressed under a high pressure, so that the 
secondary transfer outer roller 14 is liable to be 

20 worn and a cleaning performance of the cleaning blade 
is also liable to be lowered. In addition, the 
surface of the worn secondary transfer outer roller 14 
becomes smooth to increase a torque, so that the 
cleaning blade is liable to be turned up in a high 

25 humidity environment. 

On the other hand, in the method of effecting 
cleaning with the electroconductive brush, when the 



brush is used for a long period, the charged toner 
particles are left remaining within the brush. As a 
result, the brush fails to hold the toner particles, 
so that there is a possibility that the toner 
particles are re-transf erred and adhered onto the 
secondary transfer outer roller 14. 

As described above, such a cleaning member 
mentioned above cannot retain stably a cleaning 
ability over a long term use, thus requiring a great 
increase in cost for retaining its performance such 
that it is accompanied with replacement of parts. 

On the other hand, as a method of performing 
cleaning without providing the cleaning member to the 
secondary transfer outer roller 14, there is a method 
wherein a bias voltage of a polarity opposite to that 
at the time of the transfer process is applied to the 
secondary transfer outer roller 14, whereby the toner 
particles adhered to the surface of the secondary 
transfer outer roller 14 to be electrically adhered to 
the intermediary transfer belt 5, thus being recovered 
by an intermediary transfer cleaner 10. 

Generally, when the transfer material P is 
nipped at the secondary trs^nsfer station T2 during 
image formation, the toner particles are not 
transferred onto the secondary transfer outer roller. 
However, in some cases where the transfer material P 
is not present at the secondary transfer station T2, 



there is a possibility that unintended toner particles 
are transferred from the intermediary treuisfer belt 5 
onto the secondary transfer outer roller 14 • 

In other words, these cases correspond to 
such a case where the toner is beared in a non-imagte 
forming area on the intermediary transfer belt 5. For 
example such a case is accompanied with an occurrence 
of fog toner or toner patch formed between images. 

Further, in the case where the transfer 
material P is conveyed to the secondary transfer 
station T2 at a timing later than the intended timing, 
a toner image which is to be ordinarily present at a 
leading end of a resultant image, is directly 
transferred onto the secondary transfer outer roller 
14. 

In order to obviate the transfer of the 
unintended toner particles in the case where they are 
conveyed to the secondary transfer station Tl, such a 
method described above within the bias voltage of the 
opposite polarity to that at the time of ordinary 
image formation is accompanied with the following 
problems . 

Unless ^n appropriate bias voltage is 
applied, there is a possibility that the toner is not 
transferred from the secondary transfer outer roller 
14 onto the intermediary transfer belt 5. 

This is attributable to a less amount of the 
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toner adhered to the surface of the secondary transfer 
outer roller 14 than the toner transferred onto the 
transfer material P in the ordinary image formation. 
For example, in the case where the fog toner is 
5 transferred and adhered to the secondary transfer 

outer roller 14 and is cleaned by the reverse polarity 
bias voltage, a much less amount of the toner than 
that of the ordinary toner image is electrostatically 
transferred from the secondary transfer outer roller 

10 14 onto the intermediary transfer belt 5. 

Accordingly, it is possible to effect cleaning by 
applying a reverse bias voltage smaller than that at 
the ordinary image formation. In the case where if a 
transfer bias voltage identical in magnitude to that 

15 at the time of the ordinary image formation, it 
becomes excessively large for effecting the 
electrostatic transfer, thus lowering a transfer 
efficiency. As a result, there is a possibility that 
the cleaning of the fog toner is not performed 

20 effectively. 

For this reason, it is necessary to select 
and apply an appropriate bias voltage as the reverse 
polarity bias voltage. 

As described above, when the bias voltage of 

25 the opposite (reverse) polarity to that o the ordinary 
transfer bias voltage in order to obviate the 
contamination with toner adhered to the secondary 



transfer outer roller 14 by cleaning, if the timing of 
applying the reverse polarity bias voltage an the 
magnitude thereof are not appropriately selected, 
there are possibilities that productivity is impaired 
and that cleaning failure is caused to occur. As a 
result such a cleaning failure is liable to be 
visualized as the toner contamination on the backside 
of the transfer material 

Japanese Laid-Open Patent Application No, HEX 
07-49604 discloses such a technique that an 
appropriate range (relationship) between the integral 
of amount of positive current and that of negative 
current for the purpose of suppressing the increase in 
electric resistance with energization of a charging 
member to which both positive and negative bias 
voltages are applied, is described. However, in this 
document, optimization of cleaning of the transfer 
member is not described nor suggested. 

SUMMARY OF THE INVENTION 

In view of the above circumstances, the 
present invention has been accomplished. 

An object of the present invention is to 
provide an image forming apparatus capable of 
effectively obviating an occurrence of backside 
contamination of a transfer material without employing 
a complicated structure. 



-8- 

According to the present invention, there is 
provided an image forming apparatus, comprising: 

image forming means for forming a toner image 
on an image bearing member, 
5 a transfer member for transferring the toner 

image from the image bearing member onto a transfer 
material by being supplied with a bias voltage, 

bias voltage application means for applying 
a normal bias voltage of a polarity opposite to that 
10 of toner or a reverse bias voltage opposite in 
polarity to the normal bias voltage, 

control means for controlling the bias 
voltage application means, and 

integral current detection means for 
15 detecting an integral of an amount of a current 

flowing from the bias voltage application means to 
the transfer member, 

wherein the integral current detection means 
is capable of detecting an integral current amount of 
20 the normal bias voltage at the time of applying the 

normal bias voltage and an integral current amount of 
the reverse bias voltage at the time of applying the 
reverse bias voltage, and 

the control means controls the bias voltage 
25 application means so that an absolute value of the 

integral current amount of the reverse bias voltage is 
in the range of not less than 0.2 % and less than 25 % 
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of an absolute value of the integral current amount of 
the normal bias voltage. 

This and other objects, features and 
advantages of the present invention will become more 
5 apparent upon a consideration of the following 
description of the preferred embodiments of the 
present invention taken in conjunction with the 
accompanying drawings. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure *1 is a schematic cross-sectional view 
showing a general structure of the image forming 
apparatus according to the present invention. 

Figure 2 is a schematic view showing a state 
15 that a transfer material having a width substantially 
equal to a length of secondary transfer roller pair 
(including a secondary transfer outer roller and a 
secondary transfer inner roller) is sandwiched at a 
secondary transfer station between the secondary 
20 transfer outer and inner rollers. 

Figure 3 is a view for illustrating a 
secondary transfer bias voltage to be applied to a 
constant-voltage power supply in Embodiment 1 . 

Figure 4 is a schematic view showing a state 
25 that a transfer material having a smaller width than a 
length of secondary transfer roller pair is sandwiched 
at the secondary transfer station between the 
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secondary transfer outer and inner rollers. 

Figure 5 is a graph showing an environmental 
change with temperature of an electric resistance of a 
secondary transfer outer roller exhibiting ionic 
conduct i V i t y . 

Figure 6 is a graph showing a change with 
time of the electric resistance of the secondary 
transfer • outer rol ler . 

Figure 7 is a graph for illustrating an 
operation of ATVC (Active Transfer Voltage Control). 

Figure 8 is a graph for illustrating a bias 
voltage to be applied to the secondary transfer outer 
roller at the time of effecting an image forming 
operation with respect to only one sheet of a transfer 
material P. 

Figure 9 is a graph for illustrating a bias 
voltage to be applied to the secondary transfer outer 
roller at the time of effecting an image forming 
operation with respect to a plurality of sheets of the 
transfer material P. 

Figure 10 is a graph showing a relationship 
between the number (count) of sheets of the transfer 
material P subjected to image formation and an amount 
of toner adhered to the secondary transfer outer 
roller. 

Figure 11 is a graph for illustrating a bias 
voltage to be applied at the secondary transfer 
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st at ion. 

Figure 12 is a graph showing a relationship 
between an amount of current of the reverse bias 
voltage and an amount of residual toner adhered to the 
5 secondary transfer outer roller. 

Figure 13 is a table showing a relationship 
among the current amount of the reverse bias voltage, 
an application time thereof, a total current amount 
thereof, a ratio between the total current amount of 
10 the reverse bias voltage to the total current amount 
of a normal bias voltage, and the residual toner 
amount on the secondary transfer outer roller. 

Figures 14, 15,16 and 17 are respectively a 
graph for illustrating a bias voltage to be applied at 
15 the secondary transfer station in Embodiments 2, 3, 4 
and 5, respectively. 

Figure 18 is a schematic cross-sectional view 
of a general structure of a conventional image forming 
apparatus . 

20 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Hereinbelow, embodiments of the image forming 
apparatus of the present invention will be described 
with reference to the drawings . 
25 In the following embodiments, however, it 

should be noted that dimensions, materials, and shapes 
of constitutional parts and their relative 
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arrangement , etc, are not limitative unless otherwise 
specified. Further, reference numerals, materials, 
shapes, or the like, and used in common to all the 
embodiments unless otherwise noted. 
5 <Embodiment 1> 

Figure 1 shows an image forming apparatus of 
this embodiment as an example of the image forming 
apparatus of the present invention. The image forming 
apparatus shown in Figure 1 is a full-color laser beam 

10 printer, and Figure 1 is a schematic cross-sectional 
view of a general structure thereof. 

Referring to Figure 1, the image forming 
apparatus is used for forming a full-color image by 
superposing four color toner images of yellow, 

15 magenta, cyan and black and includes four image 

forming stations SY, SM, SC and SK for forming color 
toner images of yellow^ magenta, cyan and black, 
respectively, in this order. 

The image forming stations SY, SM, SC and SK 

20 include drum type electrophotographic photosensitive 
members (hereinafter referred to as "photosensitive 
drum(s)" lY, IM, IC and IK, respectively, as an image 
bearing member. Each of the photosensitive drums 
lY, IM, IC and IK is prepared by coating an aluminum 

25 cylinder (outer diameter: 30 mm) with a photosensitive 
layer of OPC (organic photoconductor ) and is 
rotationally driven in a direction of an arrow (a 
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counterclockwise direction on the drawing of Figure 1) 
at a predetermined process speed (peripheral speed) . 
The surfaces of the photosensitive drums lY, IM^ IC 
and IK are electrically charged uniformly by charge 
5 rollers (charging means) 2Y, 2M, 2C and 2K, 

respectively, and subjected to irradiation with laser 
light by exposure apparatuses (exposing means) 3Y, 3M, 
3C and 3K, respectively, to form thereon electrostatic 
latent images of corresponding colors, respectively. 

10 The electrostatic latent images on the 

photosensitive drums lY, IM, IC and IK are developed 
into toner (visual) images by developing apparatuses 
(developing means) 4Y, 4M, 4C and 4K containing toners 
of yellow, magenta, cyan and black, respectively. The 

15 toner image on each of the photosensitive drums (lY, 
IM, IC and IK) is successively primary transferred 
onto an intermediary transfer belt (intermediary 
transfer member) 5 at each of primary transfer 
stations (primary transfer nips) Tl. The intermediary 

20 transfer belt 5 is extended around a drive roller 11, 
a tension roller 12, and a secondary transfer inner 
roller 13, and is rotationally driven in a direction 
of an arrow R5 by the rotation of the drive roller 11 
in a direction of an arrow (clockwise in Figure 1). 

25 Residual toner particles (transfer residual 

toner particles) remaining on the respective 
photosensitive drums lY, IM, IC and IK after the toner 



image transfer are removed by cleaning apparatuses 
(cleaning means) 7Y, 7M, 7C and 7K, respectively, and 
each of the photosensitive drums is subjected to a 
corresponding subsequent formation of toner image. 

The four color toner images superposed on the 
intermediary transfer belt 5 are conveyed to a 
secondary transfer station (secondary transfer nip 
portion) T2 between the secondary transfer 
intermediary transfer 13 and a secondary transfer 
outer roller 14 by the movement of the intermediary 
transfer belt 5 in the direction of the arrow R5, and 
are simultaneously secondary transferred onto a 
transfer material P which has been supplied to the 
secondary transfer station T2 at a predetermined 
timing. The transfer material P is fed from a paper 
feeding cassette 15 or 16, into which sheets of the 
transfer material P are stacked, by paper feeding 
rollers 17 or 18, and is conveyed to registration 
rollers 19 by conveyance rollers to be supplied to the 
secondary transfer station T2 at the predetermined 
timing. The transfer material P after the toner 
images are transferred thereon, is heated and pressed 
between a fixing roller 9a and a pressure roller 9b of 
a fixing apparatus 9 to have a fixed toner image on 
its surface. As a result, a four color-based full- 
color toner image is formed. 

To the secondary transfer outer roller 14, a 



predetermined bias voltage is applied from a transfer 
bias voltage application power supply 20 which is 
controlled by a control means 30, A value of current 
passing through the secondary transfer outer roller 14 
at this time is detected by a current detection means 
40, and results of the detection are fed back to a 
control means 30. 

On the other hand, the transfer residual 
toner particles remaining on the intermediary transfer 
belt 5 after the toner image transfer are removed by 
an intermediary transfer member cleaner 10, and the 
intermediary transfer belt 5 is subjected to a next 
image formation. 

Incidentally, the developing apparatuses 4Y, 
4M, 4C and 4K are replenished with toners from toner 
replenishing containers 8Y, 8M, 8C and 8K, 
respectively . 

Hereinbelow, with respect to the image 
forming station SY for forming a yellow toner image, 
structures of the respective members and image forming 
conditions will be described. 

The developing apparatus 4Y for yellow 
carries a yellow toner by a toner conveyance 
mechanism (not shown) disposed within a developer 
container 41 to a developing sheet 42, and coats the 
yellow toner in thin layer onto the peripheral surface 
of the developing sleeve 42 by a regulation blade (not 



shown) which is pressed against the peripheral surface 
of the developing sleeve 42. After, an electric 
charge i^ imparted to the yellow toner, a developing 
bias voltage including a PC bias voltage superposed 
with an AC bias voltage is applied to the developing 
sleeve 42, whereby the yellow toner is attached and 
adhered to the electrostatic latent image formed on 
the photosensitive drum lY to develop the latent image 
as a (yellow) toner image. The developing sleeve 42 
is disposed opposite to the photosensitive drum lY at 
a minute gap (300 pm) therebetween. 

In this embodiment, electric potentials to be 
applied to the photosensitive drum lY, the developing 
sleeve 42, and the primary transfer roller 6Y ar set 
in the following manners. 

In an environment of a temperature of 23 ^C 
and a relative humidity of 50 %RH, such a control that 
an AC bias voltage including a DC bias voltage of -450 
V biased with an AC bias voltage having a peak-to-peak 
voltage (Vpp) of 900 V is applied to the charge roller 
2Y to electrically charge the photosensitive drum lY 
to a surface potential of -450 V. 

On the other hand, to the developing sleeve 
42, an AC bias voltage including a DC component of 
-300 V biased with an AC component having a Vpp of 1.2 
kV is applied as a developing bias voltage. The AC 
component has a blank pulse waveform comprising an AC 
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waveform of 9 kHz and a blank of 4,5 kHz in 
combination. 

When the photosensitive drum lY is subjected 
to laser light exposure by the exposure apparatus 3Y, 
5 it has a light-part potential of -200 V at a point 
where an electrostatic latent image providing a 
maximum density image is to be formed. 

At this time, to the primary transfer roller 
6Y, an electric potential of 400 V is applied as the 
10 primary transfer bias voltage, whereby a potential 
difference (primary transfer contrast) between the 
primary transfer roller 6Y and the light-part of the 
photosensitive drum lY becomes 600 V. By the primary 
transfer contrast, the negatively charged toner on the 
15 photosensitive drum lY is transferred onto the 
intermediary transfer belt 5, 

The intermediary transfer belt 5 comprises a 

85 }im-thick base film of polyimide resin and carbon 

black dispersed in the resin, and is resistance- 

1 ? 

20 adjusted to have a surface resistivity of 1x10 ohm/o 
and a volxime resistivity of 1x10 ohm. cm. The 
intermediary transfer belt 5 has a peripheral length 
of 895 mm and is driven at a driving speed (process 
speed) of 130 mm/sec. 

25 The secondary transfer outer roller 14 is 

formed as a sponge roller by disposing a foamed rubber 
layer, comprising base material of NBR (nitrile 
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butadlene rubber) which has been subjected to foaming 

treatment, around a steel -made core metal (outer 

diameter: 12 mm) so as to have an outer diameter of 24 

mm inclusive of the NBR layer. The secondary transfer 

5 outer roller 14 has been resistance controlled to have 

7 S 

^n electric resistance of 10"^ ohm (under application 
of 2 kV) in an environment of 23 °C and 50 %RH by 
dispersing an ionic conduction type resistance 
adjusting agent therein. 

10 In the image forming apparatus of this 

embodiment, a constant-voltage bias voltage is applied 
as the secondary transfer bias voltage. 

As shown in Figure 2, assuming that the 
secondary transfer bias voltage is applied by the 

15 transfer bias voltage application power supply 

(constant voltage power supply) 20 when the (entire) 
width of the transfer material P which is sandwiched 
at the secondary transfer station T2 is substantially 
equal to (slightly smaller than) the width (length) of 

20 the secondary transfer roller pair (the secondary 
transfer inner roller 13 an the secondary transfer 
outer roller 14), the transfer material P is 
sandwiched at full width thereof, thus causing no 
difference (change) in resistance in its width 

25 direction. Accordingly, as shown in Figure 3 when a 
secondary transfer bias voltage Vtr2 is applied, a 
transfer material divided voltage (a divided voltage 
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for the transfer material P) Vp det^rit^ined by 
subtracting a total of divided voltage of the 
secondary transfer inner roller 13, the intermediary 
transfer belt 5, and the secondary transfer outer 
5 roller 14 from the secondary transfer bias voltage 
Vtr2 is applied to the transfer material P. As a 
result, the negatively charged toner particles are 
attracted electrostatically to the transfer material P 
surface, thus being transferred onto the transfer 

10 material P. 

On the other hand, as shown in Figure 4, also 
in the case where the width of the transfer material P 
is smaller than that of the secondary transfer (such 
as paper) is identical to that in the case of using 

15 the transfer material P having a maximum size, so that 
it is not necessary to change the magnitude of the 
secondary transfer bias voltage depending on the width 
of the transfer material P, 

Further, in the image forming apparatus of 

20 this embodiment, as the secondary transfer outer 

roller 14, the above-mentioned rubber roller whic^ has 
been resistance-controlled by the ion-condudtive 
resistance adjusting agent is used, so that there is a 
possibility that the resultant resistance is changed 

25 depending on the change in temperature and/or humidity 
or with the use thereof for a long period of time. 

In the case o the ion- conductive roller, as 
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shown in Figure 5, the roller resistance is largely 
changed depending on the change in temperature. This 
is a phenomenon caused due to a lowering in 
resistivity by the increase with temperature in 
mobility of ions as a conductive carrier and is one of 
characteristics of the ion conduction. On the other 
hand, when the ion-conductive roller is continuously 
driven under application of the bias voltage, the 
resistance value is increased. Figure 6 shows the 
progression of the resistance value of the secondary 
transfer outer roller 14 at the time of continuously 
driving rotational ly the secondary transfer outer 
roller 14 at 20 rpm while applying thereto a current 
of 20 pA. As $hown in Figure 6, the resistance value 
is changed when the bias voltage is continuously 
applied to the ion-conductive roller. 

As described above, when the change in roller 
resistance with temperature/humidity or the use for a 
long period occurs, the divided voltage of the roller 
is changed. Accordingly, when the const ant- voltage 
bias voltage fixed as the secondary transfer bias 
voltage is applied, the transfer material divided 
voltage Vp is also changed, so that there is a 
possibility that a good transfer bias voltage setting 
cannot be performed stably. 

In view of this possibility, in the image 
forming apparatus of this embodiment, by effecting the 
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ATVC (active Transfer Voltage Control), it becomes 
possible to always apply a desired transfer material 
divided voltage • Figure 7 shows the manner of the 
ATVC in the image forming apparatus of this 
5 embodiment . 

Referring to Figure 7, in the image forming 
apparatus of this embodiment, the ATVC is performed in 
such a state that the transfer material P is not 
sandwiched at the secondary transfer station T2. 

10 First, different const ant -volt age bias voltages VI, V2 
and V3 of three levels are applied, and corresponding 
current values are detected. These detected results 
are subjected to linear interpolation to obtain a 
linear formula, from which a constant-voltage bias 

15 voltage value providing a predetermined (required) 
transfer current value (target current value) is 
calculated to set a predetermined voltage value Vb. 

The voltage value Vb refers to a secondary 
transfer bias voltage in the absence state of the 

20 transfer material P to be sandwiched at the secondary 
transfer station T2. By adding the voltage value Vb 
to the predetermined transfer material divided voltage 
value Vp, a resultant bias voltage value is set as the 
secondary transfer bias voltage. 

25 In the image forming apparatus of this 

embodiment, as the resistance detection bias voltages 
in the environment of 23 *^C and 50 %RH, three voltages 
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of VI = 900 V< V2 = 1500 V, and V3 = 2100 V are 
applied, thereby to effect resistance detection. 
Further, when plain paper is used for transfer as the 
trai^sfer material P, the target current value and the 
5 transfer material divided voltage value are set to 20 
pA and 900 V respectively. 

The above-mentioned ATVC is performed every 
time the image forming operation starts, whereby an 
appropriate prescribed voltage Vb can always be set. 

10 As described above, the resistance value of 

the ion- conductive secondary transfer outer roller 14 
varying depending on temperature/humidity or the use 
for a long period of time is controlled by the ATVC, 
so that the predetermined voltage Vp including the 

15 divided voltage of the roller is set to an appropriate 
value on a case-by-case basis. As a result, it 
becomes possible to always set an appropriate transfer 
bias voltage without being depending on the change in 
the roller resistance. 

20 In the image forming apparatus of this 

embodiment, the secondary transfer outer roller 14 is 
not provided with a particular (dedicated) cleaning 
member, and is supplied with a reverse bias voltage, 
whereby the toner particles are electrostatically 

25 adhered from the secondary transfer outer roller 14 to 
the intermediary transfer belt 5 to effect cleaning 
for removing the toner, particles by the intermediary 
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transfer member cleaner 10, 

Further, after the reverse bias voltage is 
applied at that time, the normal bias voltage is 
applied for a period of one full turn of the roller. 
This is because in the case where toner particles 
charged to a polarity opposite to the norfnal charge 
polarity are adhered to the intermediary transfer belt 
5, the adhered toner particles are caused to be 
adhered to the roller, thus being liable to cause 
failure in complete cleaning operation. 

More specifically, in the image forming 
apparatus of this embodiment, bias voltages as shown 
in Figures 8 and 9 are applied to the secondary 
transfer outer roller 14 in one image forming 
operation. Figure 8 shows the case of effecting 
secondary transfer with respect to only one sheet of 
the transfer material P, and Figure 9 shows the case 
of effecting secondary transfer with respect to a 
plurality of sheets of the transfer material P. 
Referring to these figures, in advance of the 
secondary transfer, the resistance-detecting bias 
voltages VI, V2 and V3 for effecting the ATVC and 
applied, and on the other hand, a reverse cleaning 
bias voltage and a normal cleaning bias voltage are 
applied each one time after the image formation to 
complete the image forming operation. 

The reverse cleaning bias voltage is used for 
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removing the toner adhered to the secondary transfer 
outer roller 14, so that unless an appropriate bias 
voltage is applied, there is a possibility of the 
lowering in cleaning effect. This is because the 
electrostatic transfer of the toner, electrostatically 
adhered to the surface of the secondary transfer outer 
roller 14, onto the intermediary transfer belt 5 is 
performed by using a bias voltage of a polarity 
identical to that of the adhered toner • When a bias 
voltage which is excessively lower or larger than an 
appropriate reverse bias voltage is applied, a 
transfer efficiency of the adhered toner onto the 
intermediary transfer belt 5, i.e., a cleaning 
efficiency is liable to be lowered. 

Figure 10 shows the progression of the amount 
of toner adhered to the secondary transfer outer 
roller 14 with the number (count) of sheets of the 
transfer material P subjected to the secondary 
transfer. As is apparent from Figure 10, as the 
secondary transfer is performed with respect to a 
large number of sheets of the transfer material P in 
one image forming operation, the adhered toner amount 
becomes larger. This may be attributable to such a 
phenomenon that the drive time of the secondary 
transfer outer roller 14 becomes larger with the 
increasing number of sheets of the transfer material P 
to be subjected to the secondary transfer, so that 
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much amount of toner adhered to the intermediary 
transfer belt 5 is transferred onto the secondary 
transfer outer roller 14. 

As described above, even if any number of 
sheets of the transfer material P are secondary 
transferred, the cleaning bias voltage is applied only 
onetime in one image forming operation. As the number 
of sheets of the transfer material P to be subjected 
to the secondary transfer becomes larger, the toner 
contamination of the secondary transfer outer roller 
14 becomes worse. Accordingly, if the reverse 
cleaning bias voltage is appropriately set in view of 
this phenomenon, the resultant cleaning performance is 
liable to become insufficient. 

On the other hand, in this embodiment, the 
total current amount of the normal bias voltage 
applied at the times of the ATVC and the secondary 
transfer is obtained by integration, and a reverse 
cleaning bias voltage is determined from the 
integrated value to effect appropriate cllaaning. 

Hereinbelow, a process for determinating the 
reverse cleaning bias voltage will be described with 
reference to Figure 11. 

Referring to Figure 11, as described with 
reference to Figure 10, the adhered toner amount of 
the secondary transfer outer roller 14 is increased 
with the increasing number of sheets of the transfer 
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material P to be secondary transferred. Accordingly, 
the magnitude of the applied cleaning bias voltage for 
removing the adhered toner is also required to be 
increased. For this reason, integrated amounts of 
5 currents of the normal bias voltage applied at the 
time of the ATVC the normal bias voltage applied at 
the time of the secondary transfer, and the normal 
bias voltage applied at the time of completion of 
cleaning sequence are calculated by an integral 

10 current detection means (not shown) • More 

specifically, an integral current amount EI+At is 
determined as a total amount of electric charges by 
multiplying the applied current amount by the 
application time. 

15 Next, the integral current amount applied as 

the reverse bias voltage is determined. The integral 
current amount of the reverse bias voltage is given by 
the product of an applied current amount I- multiplied 
by an application time T. As the integral current 

20 amount I- x T, a value (as an absolute value) which is 
not more than 25 % of the integral current amount 
EI+At of the normal bias voltage is set. Further, the 
applied current cunount (I-) is set to be not more than 
-30 |iA (as an absolute value) and the application time 

25 (T) is set to a period of one full turn of the roller. 
In this embodiment, the applied current atmount (I-) is 
set to be not more than -30 pA in terms of an absolute 
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value in order to prevent dielectric breakdown of the 
secondary transfer roller pair or the intermediary 
transfer belt 5. 

Further, the reason why the application time 
5 is set to be the period of one full turn of the roller 
is because it is necessary to apply the cleaning bias 
voltage to at least the entire surface of the roller 
and it is necessary to avoid the lowering in 
productivity by effecting the roller cleaning for a 

10 period of plural turns of the roller. In other words, 
the condition is set in view of the necessity to 
effect an appropriate roller cleaning operation within 
the bounds of not impairing the productivity. 

The reason why the absolute values of the 

15 integral current amount (I-xT) is set to be not more 
than 25 % of the absolute value of the integral 
current amount of the normal bias voltage (I+/it) is 
because an upper limit as the cunount of the reverse 
bias voltage for effecting appropriate cleaning is 

20 required to be set. 

Figure 12 shows the progression of the amount 
of the toner which is left remaining on the secbndary 
transfer outer roller 14 and cannot be removed 
therefrom (the adhered residual toner amount) after 

25 the image formation on 20 sheets of the transfer 
material P. 

The transfer material P used at this time was 
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a sheet (basis weight: 81.4 m^/g) for a color laser 
copier (mfd. by Canon K.K.)- Further, three normal 
bias voltages used at the time of the ATVC was 9.4 pA, 
17,1 laA and 28.5 pA. The normal bias applied at the 
5 time of the secondary transfer was 21 pA for one, sheet 
of the transfer material P, and the normal bias 
applied as the cleaning bias voltage is 28.5 pA. 
These normal biases applied at the time of the ATVC 
and as the cleaning bias voltage are applied for a 
10 period of one full turn of the roller. 

More specifically, the application time 
(period for the ATVC and the cleaning bias is: 
24 X 3.14/130 = 0.58 sec. 

Further, the application time of the transfer 
15 bias voltage applied per one sheet (A4-sized sheet) of 
the transfer material P which has been fed in its 
lateral direction, is: 
210/130 =1.62 sec. 

Accordingly, the absolute value of the 
20 integral current amount of the normal bias voltages in 
this case is calculated as follows: 

[(9.4+17.1+28.5) X 0.58] + [21x1.62x20) + 
(28.5x0.58) 5= 728.8 (pC) 

In this case, the amounts of the residual 
25 toner, which has not been removed by cleaning and 
remains on the secondary transfer outer roller 14 
shown in Figure 13, at the respective application 
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times corresponding to periods of one or plural turns 
of the roller ar values of the ordinate of the graph 
shown in Figure 12. 

From these results, it has been understood 
5 that it is possible to appropriately perforin the 

cleaning of the secondary transfer outer roller 14 by 
applying the reverse bias voltage in an integral 
current amount lower than about 25 % of the absolute 
value of the integral current amount (EI+At). On the 

10 other hand, in the case where the total (integral) 

current amount which is not less than 25 % of Il-i-At is 
applied as the reverse bias, the applied amount of the 
reverse bias becomes excessively large, so that it is 
considered that the transfer failure is caused to 

15 occur. Accordingly, it is necessary to set the upper 
limit which is less than 25 % of EI+At, 

This upper limit (< 25 %) is required with 
respect to the reverse bias voltage application 
cleaning at the time of effecting the image formation 

20 on 20 sheets of the transfer material P as described 
above but may be applicable to an image forming 
operation on any number of sheets of the transfer 
material P. 

This is because the amount of the toner 

25 adhered to the secondary transfer outer roller 14 is 
proportional to the number of sheets of the transfer 
material P to be secondary transferred, so that the 
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absolute value of the total current amount of the 
reverse bias voltage may be increased or decreased in 
proportion to the number of sheets of the transfer 
material P. Accordingly, in the process wherein the 
5 current amount is determined on the basis of the total 
current cunount of the normal bias voltage which is 
substantially proportional to the number of sheets of 
the transfer material P, the above-mentioned upper 
limit (< 25 %) is also applicable to the image forming 

10 operation on any number of sheets of the transfer 
material P* 

When the image forming operation was 
performed with respect to sut:cessive 20 sheets of the 
transfer material P as described above, it was 

15 possible to avoid the occurrence of backside 

contamination of the transfer material P attributable 
to the toner contamination of the secondary transfer 
outer roller 14 by applying -30 as the reverse bias 
voltage for a period of one full turn of the roller. 

20 In this case, the absolute value of the total current 
amount of the reverse bias voltage is 2.4 % (= 
(30x0. 58/728 • 8 )xlOO) per the absolute value of the 
total current amount of the normal bias voltage. 

If the current amount of the reverse bias 

25 voltage is determined, a constant-voltage bias voltage 
to be applied is determined rom the current- voltage 
(I-V) characteristic of the secondary transfer station 
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T2 obtained by the ATVC. In this embodiment, the 
constant -current bias voltage value was -2224 V. 

Similarly, a process for determinating an 
applied current amount of the reverse bias voltage at 
5 the time of effecting the image formation with respect 
to one sheet of the transfer material will be 
explained. 

Three voltages applied by the ATVC were VI = 
900 V, V2 = 1500 V and V3 = 2100 V, detected current 

10 values at this time were 4,2 |jlA, 8.9 ]iA and 14.2 pA, 
respectively. A total current amount of the normal 
bias voltages at this time was about 58.0 (pC). 
Accordingly, the upper limit of the total charge 
amount of the reverse bias voltage is about 14.5 (pC). 

15 The reverse bias is applied for a period of one full 
turn of the roller, so that the upper limit of the 
current amount of the reverse bias voltage is about 25 
(vtA). Accordingly, the current value to be applied as 
the reverse bias voltage. In this case, the total 

20 current amount of the reverse bias voltage is 24.5 % 
of the total current amount of the normal bias 
voltages. Further, in this case, the reverse bias 
voltage is -3346 V which is determined from the 
results of the ATVC. 

25 In the case of successive image formation, 

the frequency of the cleaning operation with the 
reverse bias voltage is lowered, so that such a 
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problem that contaminant is acciimulated on the 
transfer roller arises. Accordingly, the ratio of the 
reverse bias voltage is required to be kept at a value 
which is not less than a certain value. 

The inventors have conducted study as to 
whether the contamination problem aries when the 
number of sheets of the transfer material P is 
increased to what extent under such a condition that 
the cleaning operation with the reverse bias voltage 
is performed for a period of one full turn of the 
transfer roller after the completion of successive 
image formation, e.g., on 20 sheets as described 
above. As a result, it has been found that the 
contamination problem arises when the number of sheets 
of the transfer material P exceeds 250 sheets. 

The absolute value of the integral current 
amount of the normal bias voltage at the time of the 
number of fed sheets of the transfer material P is: 

(9.4+17.1+28.5) X 0.58 + (21x1.62x250) + 28.5x0.58 

* 8553.4. 

On the other hand, the absolute value of the 
integral current amount of the reverse bias voltage 
is: 

30 X 0.58 = 17.4. 

In this case, the ratio of the absolute value 
of the total current amount of the reverse bias 
voltage to that of the normal bias voltage is: 
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(17.4/8553.4) x 100 ^ 0.20 %. 

Accordingly, if the ratio of not less than 
0.20 % is ensured, it is possible to effectively 
prevent the adhesion of contaminant to the transfer 
roller • 

As described above, the current value of the 
revers^e bias voltage is determined with reference to 
the absolute value of the total current amount of the 
normal bias voltage. More specifically, the current 
value of the reverse bias voltage is determined under 
three conditions that it is in the range of not less 
than 0.20 % and less than 25 %, that the reverse bias 
voltage is applied for a period of one full turn of 
the roller, and that the absolute value of the current 
amount of the reverse bias voltage does not exceed 30 
pA. Further, in vie of the I-V characteristic 
obtained by the ATVC at the time of image formation, a 
constant-voltage bias voltage value is determined from 
the current amount of the reverse bias voltage which 
has been determined through the above-described 
process . 

By setting the applied amount of the reverse 
cleaning bias voltage as described above, there is no 
occurrence of the toner contamination on the backside 
of the transfer material P. 

According to this embodiment, it is possible 
to appropriately avoid the toner contamination of the 
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secondary transfer outer roller 14 by applying the 
reverse cleaning bias voltage determined through the 
above-mentioned process, so that it becomes possible 
to provide an image forming apparatus free from the 
5 problem of the backside contamination of the transfer 
material P. 
<Embodiment 2> 

An image forming apparatus of this embodiment 
has a general structure identical to that of the image 

10 forming apparatus of Embodiment 1 shown in Figure 1 . 

In Embodiment 1, the bias voltages were controlled so 
that as the bias voltages applied to the secondary 
transfer outer roller 14, bias voltages including the 
bias voltage for the ATVC, the secondary transfer bias 

15 voltages, the normal cleaning bias voltage, and the 

reverse cleaning bias voltage are applied, and that a 
higher voltage is not applied. 

On the other hand, in the image forming 
apparatus of this embodiment, a higher voltage control 

20 as shown in Figure 14 is performed in order to prevent 
the toner transfer and adhesion from the intermediary 
transfer belt 5 with reliability. 

More specifically, reverse bias voltages are 
applied for periods of immediately before the ATVC, 

25 between the ATVC and a secondary transfer, between 
adjacent secondary transfers, between subsequent 
adjacent secondary transfers, and between the last 
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secondary transfer and the reverse cleaning bias 
voltage application, respectively. 

All these bias voltages are reverse bias 
voltages to be applied for preventing unintended toner 
5 transfer and adhesion. 

The reverse bias voltage apiplied iipmediately 
before the ATVC is applied to obviate the toner 
contamination with more reliability by removing the 
toner contamination in advance to the ATVC so as to 

10 allow more accurate grasping of the I-V 

characteristic at the secondary transfer station T2. 
Further, the reverse bias voltages applied, from after 
the ATVC to before application of the reverse cleaning 
bias voltage, at timings of not applying the secondary 

15 transfer bias voltages (hereinafter, referred to as 
"sheet interval reverse bias voltage(s)" are used or 
preventing the toner from being transferred and 
adhered, at the timing of secondary transfer bias 
voltage application, to the backside of the transfer 

20 material P. 

Also in the image forming apparatus of this 
embodiment, the reverse bias voltages are set by 
reference to the integral current amount of the normal 
bias voltages so that their integral current amount is 

25 not less than 25 % of that of the normal bias 

voltages. More specifically, as the precleaning bias 
voltage is advance of the ATVC, a reverse bias voltage 
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of -2 KV is applied for a period of one full turn of 
the secondary transfer outer roller 14 in an 
environment of 23 (temperature) and 50 %RH 
(relative humidity), and a current value at that time 
is detected* Further, as the sheet interval reverse 
bias voltages, a bias voltage of -50 V is applied, and 
a current value at that time is also detected « 

In this embodiment, the normal bias voltages 
for the ATVC and the secondary transfers are 
determined in the same manner as in Embodiment 1 . As 
the normal cleaning bi^s voltage, the third constant- 
voltage bias voltage V3 applied at the time of the 
ATVC is used. 

With respect to the reverse cleaning bias 
voltage, the absolute value of the interval current 
amount of the reverse bias voltage is determined by 
reference to the integral current amount of the normal 
bias voltage so that it is not less than 25 %, and a 
maximum current amount within the range is applied. 

In this embodiment, the environment of 23 
and 50 %RH, image formation on 20 sheets of color 
laser copier paper (A4-size) as the transfer material 
P was performed. For the ATVC, three stepwise normal 
bias voltages of VI = 900 V, V2 = 1500 V and V3 = 2100 
V were applied, and ATVC detection current value at 
that time were 9.1 pA, 14.3 pA and 20.1 pA, 
respectively. Further, the detection current at the 
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time of applying a reverse bias voltage of -2 KV as 
the ATVC precleaning bias voltage was -19.3 pA, that 
at the time pf applying a reverse bias voltage of -50 
V as the sheet interval reverse bias voltage was -0.1 
pA^ and that at the time of applying the secondary 
transfer bias voltage was 21.8 pA. Further^ the ATVC 
precleaning bias voltage was applied for a period of 
one full turn of the roller, i.e., for 0,58 sec, 
similarly as in the case of the ATVC. On the other 
hand, the sheet interval reverse bias voltages were 
applied or 2 sec. between the completion of the ATVC 
and the secondary transfer for the first transfer 
material P; for 0.26 sec. between the secondary 
transfers for adjacent two transfer materials P; and 
for 1 sec. between the completion of the secondary 
transfer for the last transfer material P. 

In this case, the absolute value of the 
integral current amount of the normal bias voltages 
is: 

(9.1+14.3+20.1) X 0.58 + (21.8x20x1.62) 

::: 731.6 (pC) . 

On the other hand, the absolute value of the 
integral current amount of the applied reverse bias 
voltages except for the reverse cleaning bias voltage 
is : 

(19.3x0.58) + 0.1 X (2+(0.26xl9)+l) = 11.988 (pC). 
Accordingly, since the upper limit of the 
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absolute value of the current amount of all the 
reverse bias voltages is: 

731.6 X 0.25 = 182.9 (}iC), 
the upper limit of the absolute value of the current 
amount of the reverse cleaning bias voltage alone is: 
182.9 - 11.988 =170.9 (pC). 

Accordingly, the upper limit of the absolute 
value of the applied current amount of the reverse 
cleaning bias voltage is: 

170.9/0.58 * 294.7 (rA) . 

For this reason, in this embodiment, the 
reverse cleaning bias voltage is set to apply -30 pA 
as the current amount and -3132 V as the constant- 
voltage bias voltage by reference to the I-V 
characteristic of the ATVC. In this embodiment, the 
absolute value of the integral current amount of the 
reverse bias voltages is 4.0 % of the integral current 
amount of the normal bias voltages. 

According to this embodiment, the cleaning 
bias voltages are set as described above, whereby 
there is no occurrence of the toner contamination on 
the backside of the transfer material P. 

Also in this image forming apparatus of this 
embodiment, by setting the bias voltages as described 
above, it is possible to well remove the toner 
contamination of the secondary transfer outer roller 
14, and the backside contamination of the transfer 
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material P can effectively be prevented, 
<Eiiibodiinent 3> 

An image forming apparatus of this 
embodiment has a general structure identical to that 
of the image forming apparatus of Embodiment 1 shown 
in Figure 1. In Embodiments 1 and 2, the constant- 
voltage bias voltages are applied as the bias voltages 
to be applied to the secondary transfer outer roller 
14, but in the image forming apparatus of this 
embodiment, constant-current bias voltages are 
applied. 

In the image forming apparatus of this 
embodiment,^ there is no need to perform the ATVC, so 
that bias voltages to be applied to the secondary 
transfer outer roller 14 is as shown in Figure 15. 
More specifically, before secondary transfer 
operations, a secondary transfer precleaning bias 
voltage is applied, and after the secondary transfer 
operations, a secondary transfer precleaning bias 
voltage is applied, and after the secondary transfer 
operations, a reverse cleaning bias voltage and a 
normal cleaning bias voltage are applied in the form 
of a constant-current bias voltage. 

In the image forming apparatus of this 
embodiment, as the secondary transfer bias voltages 
for plain paper such as color laser copier paper, a 
current amount of 20 yiA is applied in an environment 
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of 23 °C and 5 %RH. Further, a current amount of 
-10 is applied as the secondary transfer 
precleaning bias voltage, and a current amount of -0.3 
\iA is applied as sheet interval bias voltages. 
5 In this embodiment, at the time of performing 

image formation on one sheet of A4-size color laser 
copier paper, an absolute value of an integral current 
amount of the normal bias voltages applied is: 
20 X 1.62 X 1 = 32.4 (pC). 
10 On the other hand, an absolxite value of an 

integral current amount of the sheet interval bias 
voltages applied and the secondary transfer 
precleaning bias voltage applied is: 

10 X 0.58 + 0.3 X (2 + 1) = 6.7 (pC) , 
15 A maximum of the integral current amount 

capable of being applied by the reverse cleaning bias 
voltage is: 

32.4 X 0.25 - 6.7 = 1.4 (pC). 

Accordingly, as the reverse cleaning bias 

20 voltage, 

1.4/0.58 ^ 2.4 (pA) 
is set to be applied to the secondary treuisfer outer 
roller 14 for a period of one full turn of the roller 
14. In this case, there is also no occurrence of the 

25 toner contamination on the backside of the transfer 
material P. 

According to this embodiment, by setting the 
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current amount of the reverse cleaning bias voltage as 
described above, it is possible to provide an image 
forming apparatus capable of effectively obviate the 
backside contamination of the transfer material P 
5 attributable to the toner contamination of the 
secondary transfer outer roller 14 even at the 
secondary transfer station T2 where the constant- 
current control is performed. 
<Embodiment 4> 

10 An image forming apparatus of this embodiment 

has a general structure identical to that of the image 
forming apparatus of Embodiment 1 shown in Figure 1 . 
In Embodiments 1, 2 and 3, the current amount and 
application time of only the reverse cleaning bias 

15 voltage of the cleaning bias voltages are adjusted, but 
in the image forming apparatus of this embodiment, the 
variable control of the application time is also 
performed with respect to the normal cleaning bias 
voltage, as shown in Figure 16 • 

20 In the image forming apparatus of this 

embodiment, removal of toner particles charged to a 
polarity opposite to the normal charge polarity by 
applying the normal cleaning bias voltage. In such a 
case where the toner particles which have been 

25 electrically charged to the opposite polarity to the 
normal charge polarity, the toner particles are also 
adhered to the secondary transfer out^r roller 14 even 
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at the time of applying the sh^et interval reverse 
bias voltages as shown in Figure 16, so that it is 
also necessary to apply an appropriate bias voltage a 
the normal cleaning bias voltage. 

In this embodiment, the normal cleaning bias 
voltage is adjusted within the range wherein the 
integral current amount of the revere bias voltages is 
less than 25 % of the integral current cunount of the 
normal biai^ voltages. 

In the image forming apparatus of this 
embodiment, as the secondary transfer bias voltages 
for plain paper such as color laser copier paper, a 
current amount of 20 \xA is applied in an environment 
of 23 and 5 %RH. Further, a current amount of 
-10 yiA is applied as the secondary transfer 
precleaning bias voltage, and ^ current amount of -0.3 
\iA is applied as sheet interval bias voltages. 

In this embodiment, at the time of performing 
image formation on 30 sheets of A4-size color laser 
copier paper, an absolute value of an integral current 
amount of the normal bias voltages applied is: 
20 X 1.62 X 30 = 972 (pC). 

On the other hand, an absolute value of an 
integral current amount of the sheet interval bias 
voltages applied and the secondary transfer 
precleaning bias voltage applied is: 
10 X 0.58 + 0.3 X 31 = 15.1 (pC). 
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In this embodiment, as the normal cleaning 
bias voltage, a current amount of 10 pA is applied and 
an application time thereof is variable-controlled. 
More specifically, the current amount of 10 yiA is 
applied, as the normal cleaning bias voltage, for a 
period of N turns of the roller while a current amount 
Z (pA) is applied, as the reverse cleaning bias 
voltage, for a period of one full turn of the roller. 
N is an integer which does not exceed 3. In other 
words, in order to lower the productivity more than 
necessary, the normal bias cleaning is not performed 
for a period of more than 3 turns of the roller. On 
the other hand, the upper limit of the reverse 
cleaning bias voltage is set to satisfy Z ^ 30 (pA) 
(as absolute value). 

Under the above conditions, combinations of Z 
and N satisfying the following inequality: 

15.1 + Z X 0.58 < 0.25 x (972 + 10 x N) 
are selected, and from the selected combinations, such 
a combination that both Z and N become maximum is 
adopted in this embodiment. 

More specifically, the combination of Z = 30 
and N = 3 is employed in this embodiment. The current 
amount of 30 pA (absolute value) for the reverse 
cleaning bias voltage is applied for the period of one 
full turn of the roller, and the current amount of 10 
pA for the normal cleaning bias voltage is applied for 
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the period of three turns of the roller. In this 
case, there is no occurrence of the toner 
contamination on the backside of the transfer material 
P. 

According to this embodiment, by setting the 
applied current amounts and application times of both 
the normal and reverse cleaning bias voltage as 
described above, it is possible to provide an image 
forming apparatus capable of effectively obviate the 
backside contamination of the transfer material P 
attributable to the toner contamination of the 
secondary transfer outer roller 14. 
< Embodiment 5> 

An image forming apparatus of this 
embodiment has a general structure identical to that 
of the image forming apparatus of Embodiment 1 shown 
in Figure 1. In Embodiment 4, the variable control of 
the application time of the normal cleaning bias 
voltage of the cleaning bias voltages is performed, 
but in the image forming apparatus of this embodiment, 
variable control of applied current amount is 
performed with respect to the normal cleaning bias 
voltage. 

In the image forming apparatus of this 
embodiment, the normal cleaning bias voltage is 
applied for only a period of one full turn of the 
roller, but the applied current amount thereof is 
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variable-controlled while setting an upper limit of 30 
jxA. Further^ the integral current amount of the 
reverse bias voltages is set to be less than 25 % of 
that of the normal bias voltages, whereby it is 
possible to effect cleaning, with reliability, of the 
toner charged to a polarity opposite to the normal 
charge polarity. 

In Embodiments 1-5, the intermediary 
transfer belt (intermediary transfer member) 5 is used 
as the image bearing member but an intermediary 
transfer drum (drum-shaped intermediary transfer 
member) is also applicable in place of the 
intermediary transfer belt 5 and can achieve the 
similar effects. 

Further, in Embodiments 1-5, the transfer 
process is performed from the intermediary 
transfer member as the image bearing member onto the 
transfer material P but may also be performed from the 
photosensitive drum as the image bearing member onto 
the transfer material P. In this case, the similar 
effects can also be attained. 



